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Quantum wells are thin-layered structures used in the development of smaller and 
more efficient optoelectronic devices. In this project, we design and construct a room 
temperature photoluminescence setup to study exciton interactions in semiconductor 
quantum wells. An exciton is a bound state of electron and hole. The goal of this project 
is to study the interaction of quantum confined exciton states with surface states in free 
standing GaAs quantum wells by using photoluminescence spectroscopy. The free 
standing quantum well structure has a high surface to volume ratio. The study has 
potential applications to laser technology and sensor development to view biological and 
chemical species. It provides the capability to study adsorbate interaction, which is 
important for sensor technology. 
ROOM TEMPERATURE PHOTOLUMINESCENCE SPECTROSCOPY OF SINGLE 
FREE STANDING QUANTUM WELLS 
SUBMITTED TO THE FACULTY OF CLARK ATLANTA UNIVERSITY 
IN PARTIAL FULFILLMENT OF THE REQUIREMENTS FOR 
THE DEGREE OF MASTER OF SCIENCE 
BY 
NGONEH JALLOW 






All Rights Reserved 
ACKNOWLEDGEMENTS 
A special thank you goes to my fellow physics graduate students, especially 
Michael Bellamy for his aid and ideas towards writing this manuscript. Further thanks go 
to Adwoa Gyekye, Shala Mance, and Rochelle Bryant for their contributions towards the 
project. I am grateful to my committee members for discussions about the research topic. 
Finally, I am especially grateful to my advisor, Dr. Michael Williams, from whom I 
gained so much knowledge. He taught me most of the things I needed to know about 
being an experimental physicist. His support has been tremendously great ever since I 
started CAU in 2002. 
11 
TABLE OF CONTENTS 
ACKNOWLEDGEMENTS ii 
LIST OF FIGURES iv 
LIST OF ABBREVIATIONS v 
Chapter 
1. INTRODUCTION 2 
Motivation 
2. SAMPLE DESCRIPTION 4 
Sample Material 
GaAs Crystal Structure / Crystal Defects 
Sample Structure: Quantum Wells 
GaAs Quantum Well Sample Description 
3. PHOTOLUMINESCENCE SPECTROSCOPY 17 
Applications of Photoluminescence 
Photoluminescence Characterization 
Disadvantages of Photoluminescence 
4. EXPERIMENTAL SETUP 20 
Imaging the Sample 
Photoluminescence Setup 
Geometric Setup 
5. DATA ANALYSIS 26 
Data and Results 
6. SUMMARY 32 
REFERENCES 33 
in 
LIST OF FIGURES 
Figure 1. Energy band diagram for GaAs 5 
Figure 2. Energy band structure for Si and GaAs 6 
Figure 3. Unit cube of GaAs crystal lattice 7 
Figure 4. Point defects in GaAs 8 
Figure 5. Dislocation diagrams 11 
Figure 6. Energy band diagram with impurities 13 
Figure 7. Layered FSQW structures 14 
Figure 8. Basic photo luminescence setup 17 
Figure 9. Schematic of imaging setup 21 
Figure 10. Quantum well image at room temperature 22 
Figure 11. Photo of room temperature PL setup 23 
Figure 12. Schematic of expanding laser beam 24 
Figure 13. A graph of bare well, isopropyl exposed well, and At7862D exposed 
well data collected at room temperature 27 
Figure 14. A graph of bare well and isopropyl exposed well data showing the 
intensity difference of the two peaks 28 
Figure 15. A graph of bare well and At7862D exposed well data showing the 
intensity difference of the two peaks 29 
Figure 16. A graph of data from a bare well at 2.3 mW and 2.7 mW 30 
IV 
LIST OF ABBREVIATIONS 
PL - Photoluminescence 





Multi-layered materials are important in the development of faster, smaller, and 
more efficient optoelectronic devices. In recent years, there has been observed a growing 
interest in low dimensional semiconductor structures like quantum wells, quantum dots, 
and quantum wires [1], because of their size in the 5 - 40 nm range. In one dimension 
this size is characteristic of 2D quantum wells and barrier layer structures whose 
preparation is easily accessible by modem semiconductor epitaxy techniques [1], The 
growth and preparation of some quantum wells will be discussed later in detail. 
In this ongoing study, GaAs quantum well structures are probed for 
conformational charges in the electronic structure of the surface of the material. We 
design and construct a room temperature photoluminescence (PL) system for sample 
analysis. Although a significant amount of PL work [2] has been conducted at room 
temperature, some information is best obtained at low temperatures. The goal of this 
project is to study the interaction of quantum confined exciton states with the surface 
states in free standing GaAs quantum wells by using PL spectroscopy. An exciton is a 
bound state of an electron and a hole - electron-hole pair. The electron has a negative 
charge and the hole has a positive charge of the same magnitude. Thus excitons are 
electrically neutral and can diffuse over much greater distances than isolated charge 
carriers without being scattered. Excitons have a Bohr radius of 4 - 40 nm. The roughly 
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10 nm quantum well thickness used in this study makes excitons suitable for probing the 
semiconductor surface. Its radius also makes PL measurements more sensitive when the 
size of the layer is comparable. 
This study has potential applications to laser technology and to sensors that are 
developed to view biological and chemical species. It will provide the capability to study 
adsorbate interactions, which is important for sensor technology. The construction of the 
laser system provides a local platform for probing nanoscale structures with lateral 




GaAs is a compound semiconductor that is used broadly in microelectronics and 
optical technology. It is made of interpenetrating face centered cubic sublattices of 
gallium and arsenic in a structural configuration known as the zincblende crystal 
structure. The charge carriers, which are mostly electrons in n-doped material, move at 
high speeds among the atoms. This makes GaAs components useful at ultra-high radio 
frequencies (up to 3.0 x 105 MHz) and in fast electronic switching applications. GaAs 
devices generate less noise than most other types of semiconductor components like Si. 
This is why it is important in weak-signal amplification [1,2], 
Electrons in isolated atoms can have only certain discrete energy values. As these 
isolated atoms are brought together to form a crystal, the electrons become restricted not 
to single energy levels, but rather to ranges of allowed energies, or bands called the 
valence and conduction bands (see Fig. 1) [3], These two bands are separated by a 
forbidden energy band gap, which is a characteristic of semiconductor materials. The 
Fermi level shown in Figure 1 is the energy level at which the probability function is 
equal to one half. For pure semiconductors, the Fermi level is approximately in the center 
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Figure 1: Energy band diagram for GaAs [3] 
Note, though, that no electron actually has an energy of EF, since they are not 
permitted to exist at energies in the band gap. The amount of energy required for an 
electron to move from the valence band to the conduction band depends on the 
temperature, the semiconductor material, and the material’s purity and doping profile. For 
undoped GaAs, the energy band gap at room temperature is 1.42 eV. The energy band 
diagram is usually referenced to a potential called the vacuum potential. This is the 
potential for which an electron at this energy will exit the material into vacuum. The 
electron affinity, q%, is the energy required to remove an electron from the bottom of the 
conduction band to the vacuum potential. For GaAs, q% is approximately 4.07 eV. GaAs 
is a direct band gap semiconductor, which means that the minimum of the conduction 




Figure 2: Energy band structure for Si and GaAs [3] 
Transitions between the valance band and the conduction band require only a 
change in energy, and no change in momentum, unlike indirect band-gap semiconductors 
such as silicon (Si). This property makes GaAs a very useful material for the manufacture 
of light emitting diodes and semiconductor lasers, since a photon is emitted when an 
electron changes energy levels from the conduction band to the valance band with no 
change in momentum. 
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GaAs Crystal Structure 
The GaAs crystal is composed of two superlattices, each a face centered cubic 
(one of Ga and the other of As) and offset with respect to each other by a quarter of the 
diagonal of the face centered cubic. This crystal configuration is known as zinc blende 
and is shown in Figure 3. 
Figure 3: Unit cube of GaAs crystal lattice [3] 
Crystal Defects 
A defect is an imperfection or "mistake" in the regular periodic arrangement of 
atoms in a crystal. It can involve an irregularity in the location of atoms or types of 
atoms. No semiconductor crystalline material is perfect, and GaAs crystals, in spite of the 
efforts to control crystal growth, contain a number of crystal defects. These defects can 
have either desirable or undesirable effects on the electronic properties of GaAs [4], 
Carbon and oxygen, for example, are impurities that exist in GaAs. They contribute to 
low bulk resistivity if they are not counteracted. The natures of these defects and the 
observed effects are determined by the method of their incorporation into the material 
and the general growth conditions [4], In general, there are two types of defects, point 
defect and dislocation. 
1. Point Defects: Point defects are localized defects of atomic dimensions that can 
occur in an otherwise perfect crystal lattice. These point defects can include 
vacancies, interstitials, misplaced atoms, intentionally introduced dopant 
impurities, and impurities introduced inadvertently during the material growth 
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Figure 4: Point defects in GaAs [4] 
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The study of point defects is important because of the effect these defects have on 
the electronic properties of the material and the strong relationship between diffusion and 
the number and type of defects in the crystalline material. The electrical properties of a 
semiconductor can be manipulated by the deliberate insertion of chemical defects 
(impurities) into the material during the growth and processing steps. However, intrinsic 
defects present in the material also play an important role in the electronic behavior of 
GaAs. 
Many intrinsic defects are observed in GaAs. The concentration and effect of 
these defects are determined by the manner in which the material is grown. Intrinsic 
defects in GaAs include both arsenic and gallium vacancies, their concentration being 
determined by the overpressure of arsenic during growth. The effect of these vacancy 
defects has been observed to be neutral, deep donor-like, and deep acceptor-like [5], 
EL2, an important defect in GaAs, is present in material grown from an arsenic 
rich melt. This defect is donor-like in character and is located at the middle of the energy 
gap . It is thermally very stable and can withstand processing temperatures up to 900°C. 
The importance of this defect lies in its ability to convert p-type GaAs to semi-insulating 
material, and its thermal stability [4], 
2. Dislocations: A dislocation is a one-dimensional array of point defects in an 
otherwise perfect crystal. It occurs when the crystal is subjected to stresses in excess of 
the elastic limit of the material. Dislocations interact with chemical and other point 
defects. This interaction exists between the localized impurity atoms and the strain field 
in the vicinity of the dislocations. The presence of a dislocation is usually associated with 
an enhanced rate of impurity diffusion leading to the formation of diffusion pipes. This 
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effect translates to the introduction of trapping states in the band gap, altering the etching 
properties of the wafer, and, most importantly, altering the electrical properties of the 
devices. Studies have shown detrimental effects of dislocations and dislocation densities 
on the source drain current and threshold voltage of field-effect transistors FETs, carrier 
concentration, and sheet resistance. 
Dislocations generally are introduced as a result of a temperature gradient present 
during crystal growth. Modem crystal growth methods can routinely produce 7.6-cm (3- 
in.) wafers with dislocation densities of 104 to 105 cm2 for the Liquid Encapsulated 
Czochralski (LEC) and 8000 to 25,000 cm2 for Horizontal Bridgem an (HB) techniques. 
There are two basic types of dislocations, the edge dislocation and the screw dislocation. 
Actually, edge and screw dislocations are just extreme forms of the possible dislocation 
structures that can occur. Most dislocations are probably a hybrid of the edge and screw 
forms but this discussion will be limited to these two types. 
The edge defect can be easily visualized as an extra half-plane of atoms in a 
lattice. The dislocation is called a line defect, because the locus of defective points 
produced in the lattice by the dislocation lie along a line. This line runs along the top of 
the extra half-plane. The inter-atomic bonds are significantly distorted only in the 
immediate vicinity of the dislocation line. Understanding the movement of a dislocation 
is vital to understanding why dislocations allow deformation to occur at much lower 
stress than in a perfect crystal. Dislocation motion is analogous to movement of a 
caterpillar. The caterpillar would have to exert a large force to move its entire body at 
once. Instead it moves the rear portion of its body forward a small amount and creates a 
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hump. The hump then moves forward and eventual moves all of the body forward by a 
small amount [6], 
Shear 
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Figure 5: Dislocations 
As shown in Figure 5, the dislocation moves similarly by moving a small amount 
at a time. The dislocation in the top half of the crystal is slipping one plane at a time as it 
moves to the right from its position in image (a) to its position in image (b) and finally to 
position in image (c). In the process of slipping one plane at a time the dislocation 
propagates across the crystal. The movement of the dislocation across the plane 
eventually causes the top half of the crystal to move with respect to the bottom half. 
However, only a small fraction of the bonds are broken at any given time. Movement in 
this manner requires a much smaller force than breaking all the bonds across the middle 
plane simultaneously. 
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3. Impurities in GaAs: Chemical point defects (doping impurities) can be 
introduced to the crystalline material either deliberately or inadvertently as contamination 
during processing. In general, substitutional impurities are electronically active, whereas 
many contaminants are interstitial in nature and are electronically inactive. Dopants are 
classified as either donors or acceptors. A donor has one more electron than the atom it is 
replacing in the crystal. This extra electron is easily removed or donated to the 
conduction current. An acceptor, on the other hand, has one less electron than the atom it 
is replacing. Thus, an acceptor can easily capture an electron and prevent it from adding 
to the conduction current but adds to the hole current. Regardless of the type or character 
of the impurity, the electrical properties of the semiconductor are altered. 
Figure 6 shows the energy band diagram of Figure 1 with the addition of 
impurities. Shallow donor or acceptor impurities have energy levels within 3kT of the 
conduction and valance band, respectively. Since the energy required for an electron to 
transition from these impurity energy levels to the nearest band edge is very small, they 
are typically fully ionized at room temperature. The Fermi level shifts from the band 
center towards the impurity levels to reflect this. A similar description can be made of 
acceptor impurities. It is these shallow impurities that are used for doping purposes. 
Impurities with energies in the center of the band gap are called deep impurities. Deep 
impurities generally degrade device performance by reducing the carrier lifetime [4], 
Both impurity types, deep and shallow, are present in GaAs in the form of 
complexes with gallium or arsenic. One of the most common is silicon. This group IV 
element can be used to give either p-type GaAs by incorporating it at low temperatures, 
12 
or n-type GaAs by processing it at high temperatures. Another group IV element, carbon, 
is also used extensively to provide p-type GaAs. Chromium (Cr) behaves as an acceptor, 
with an impurity level close to the center of the energy gap. This property makes it very 
useful for counterdoping n-type GaAs to make it semi-insulating. Other elements such as 
copper, oxygen, selenium, and tin are also used in GaAs processing to provide the desired 
n- or p-like behavior [5], 
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Figure 6: Energy band diagram with impurities [4] 
Sample Structure: Quantum Wells 
Quantum wells, as defined earlier, are thin-layered structures where very thin 
layers of a narrower bandgap semiconductor are surrounded by two wider bandgap 
materials. They confine charge carriers to move in specific energy bands. This increases 
the density of states by quantum confinement [8]. One of the exceptional properties of 
quantum wells is the presence of strong and narrow lines in their optical spectra up to and 
above room temperature. Moreover, these lines are due to free excitons, and should 
1 
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depend only on the width and depth of the wells. In bulk semiconductors, even those of 
highest purity, there are many features related to defects and impurities in the 
photoluminescence spectra. In addition, quantum wells can be used to adjust the effective 
bandgap of materials without changing the underlying material compositions. This is 
useful when the material growth is constrained by lattice matching requirements. For 
these reasons the study of quantum wells can supply more reliable information than the 
direct study of bulk semiconductor. As stated in chapter 1, we investigate the interaction 
of surface states with excitons. 
GaAs Quantum Well Sample Description 
In 1992, Williams et al, [9] at AT&T Bell Laboratories fabricated the GaAs 
quantum well structures used in this project. They used the standard lithographic 
techniques to produce quantum wells that are confined on both sides by air or vacuum. 
The quantum wells were prepared from a GaAs/AlGaAs superlattice and were grown by 
a solid source molecular beam epitaxy on GaAs (100) substrates. The quantum wells are 
suspended horizontally between vertical support posts hence, the name free standing 
quantum wells (FSQW). These FSQWs have infinite potential barriers under vacuum 
condition and can be layered as shown in Figure 7. Optical excitation of these narrow 
quantum wells (80 - 200 angstroms) produces excitons with a vertical extent of the well 
which makes the FSQWs ideal for probing local properties of solids such as the 
interaction of quantum confined states with the surface. The quantum well shown in the 
Figure 7 has a width of 200 angstroms while the width of the well structure is 1 micron. 
Typically, the distance between adjacent wells is in the neighborhood of 2000 angstroms 
depending on manufacturing specifications [9], 
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Figure 7: GaAs quantum wells with a width of 200 Â and separation of2000 Â [9], 
CHAPTER 3 
PHOTOLUMINESCENCE SPECTROSCOPY 
Photoluminescence (PL) spectroscopy is one of the most important methods used 
to investigate electronic states in semiconductors. PL spectroscopy is used widely to 
analyze a variety of materials because, it provides a means to identify the quality of 
materials. It is a contactless, nondestructive method of probing the electronic structure of 
materials. Light is directed onto a sample (see Figure 8), where it is absorbed and imparts 
excess energy into the material in a process called "photo-excitation." One way this 
excess energy can be dissipated by the sample is through the emission of light, or 
luminescence. In the case of photo-excitation, this luminescence is called 
"photoluminescence." The intensity and spectral content of this photoluminescence is a 
direct measure of various important material properties [10], 
Specifically, photo-excitation causes electrons within the material to move into 
permissible excited states. When these electrons return to their equilibrium states, the 
excess energy is released and may include the emission of light (a radiative process) or 
may not (a nonradiative process). The energy of the emitted light—or 
photoluminescence—is related to the difference in energy levels between the two 
electron states involved in the transition, that is, between the excited state and the 
equilibrium state. The intensity of the emitted light is related to the relative contribution 





Figure 8: Basic Photoluminescence Process 
Applications of Photoluminescence 
Although we observe PL applications in some common items like toys, for the 
purpose of this paper, we are concerned only with those that are relevant to physics. One 
of its applications is to determine the bandgap of materials. The most common radiative 
transition in semiconductors is between states in the conduction and valence bands, with 
the energy difference being known as the bandgap. Bandgap determination is particularly 
useful when working with new compound semiconductors. Another application of PL is 
for detection of impurity levels and defects. Radiative transitions in semiconductors 
involve localized defect levels. The photoluminescence energy associated with these 
levels can be used to identify specific defects, and the amount of photoluminescence can 
be used to determine their concentration. PL technique also shows recombination 
mechanisms. As discussed above, the return to equilibrium, also known as 
"recombination," can involve both radiative and nonradiative processes. The amount of 
photoluminescence and its dependence on the level of photo-excitation and temperature 
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are directly related to the dominant recombination process. Analysis of 
photoluminescence helps to understand the underlying physics of the recombination 
mechanism [12], 
Finally, the PL technique can be used to determine the quality of a material. In general, 
nonradiative processes are associated with localized defect levels, whose presence is 
detrimental to material quality and subsequent device performance. Thus, material quality 
can be measured by quantifying the amount of radiative recombination. 
Photoluminescence Characterization 
PL characterization generates three distinct types of data. First, it can produce 
scans of PL intensity as a function of wavelength, which are typically used to 
characterize parameters such as impurities and band gap. This type of data is of interest in 
this project. The PL system also includes routines for such common manipulations as 
half-width calculations, peak labeling, background subtraction, smoothing, and 
derivatives. Second, the technique generates maps of PL intensity as a function of 
position on a sample’s surface. And finally, the technique produces distributions and 
magnitudes of the wavelength shift of PL over the sample’s surface [11], 
Disadvantages of Photoluminescence 
Although PL is preferred in many cases, its temperature dependence presents a 
limitation compared to other techniques. PL work can be conducted at room temperature, 
but some information is best obtained at lower temperatures, because spectral features are 
sharper and more intense. Another disadvantage of PL is the difficulty in estimating the 
density of interface and impurity states. Even though these states can be identified in the 
PL spectrum, measuring the absolute density of these states is a more difficult task. It 
18 




The ultimate goal of this project is to obtain photoluminescence spectra from the 
FSQW. In order to accomplish this goal, several small tasks need to be completed. First, 
the sample is imaged and magnified. Second, the laser light is focused to 1 pm on the 
FSQW because the area of interest is 1 pm2. Finally, the photoluminescence emitted from 
the sample is detected and recorded using an optical spectrometer consisting of a 
monochromator, a suitable detector, software, and a recording instrument. 
Imaging the Sample 
Imaging the sample is a key component in this project. The setup is designed to 
image and probe at the same time. Usually the sample is imaged first. If a mirror is used 
to image the sample, it will block the beam path and will be required to be removed 
before probing the sample. To image the sample, a fluorescent lamp was incident at an 
angle on the sample that is mounted onto a three-axis motion sample mount. The sample 
mount makes it possible to scan the entire sample and get a tightly focused image. A 
Mitutoyo 100X microscope objective with a 0.70 numerical aperture is placed 5 mm 
away from the sample. A beamsplitter, which also acts as a mirror, is placed at a 45 
degree angle, 3 cm from the microscope objective. 
19 
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Figure 9: Imaging setup using fluorescent lamp 
The center of the beamsplitter is aligned with the rear aperture of the microscope 
objective. The image of the sample projected from the rear aperture of the microscope is 
reflected by the beamsplitter to the CCD camera. The camera is a 1/2” CCD black and 
white with a high resolution and a high sensitivity. At a precise distance between the 
beamsplitter and the camera, a cloudy image of the sample was seen on the computer 
monitor. A focused image of the sample is seen by moving the sample mount very small 
distances toward or away from the microscope. A quantum well imaged using this setup 
is seen in the Figure 10. The quantum well image lies along the diagonal, from the top 
right corner to the lower left corner of the picture. 
21 
Figure 10: A quantum well image at room temperature 
Once a clear image of the sample is obtained on the monitor, the laser is turned 
on. It passes through the beamsplitter, into the microscope objective, and onto the 
sample. We still had a clear image of the quantum wells but observed an additional 
periodic pattern on the quantum wells. The patterns are believed to be diffraction 
patterns, since the quantum wells are layered or interference between the laser and the 
optical elements. As a result, it can be concluded that the laser beam is actually getting to 
the quantum wells and not just the surface of the sample. 
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Photoluminescence Setup 
A diode pumped solid-state laser with an exit beam of 532 nm is used as the 
excitation source to probe thesample at an energy above the band gap energy. The laser 
passes through a neutral density filter. This is because the power of the laser cannot be 
adjusted without changing its properties. Thus to achieve the desired light attenuation, a 
neutral density filter that reduces the laser intensity by thirty percent was used. This helps 
to prevent the light from scattering and to obtain a small spot size on the sample. The 
beam is directed toward a 50/50 beamsplitter. The beamsplitter transmits visible light in 
the range 400 nm - 700 nm and reflects the infrared in the range 750 nm - 1350 nm. The 
beam eventually passes through a 100X microscope objective of numerical aperture 0.7 
and then is focused on the sample. The setup is shown in Figure 11. 
The PL spectra are collected by the 100X microscope objective. The beam then 
passes through the beamsplitter. It is then separated into infrared and visible light by the 
beamsplitter. The infrared is reflected and passes through a long pass filter. The filter 
blocks all visible light and transmits infrared. This type of filter is used because visible 
light will destroy the sensor in the monochromator. The infrared beam is then focused 
through the entrance slit of an imaging monochromator that disperses the light onto a 
room temperature coupled device camera. The PL spectra are then focused onto a photon¬ 
counting avalanche material InGaAs photodiode that has an active area with a diameter 
of 170 pm. It detects wavelengths that range from 800 nm - 1700 nm. 
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Figure 11 : Photoluminescence Setup 
Geometric Setup 
One of the key objectives of the optical setup is to obtain a micron spot size of the 
laser beam onto the sample. This is important because the wells of the quantum wells are 
1 pm in length and about 0.5-1 pm in width. For this project, two different methods 
were used in obtaining a 1 pm2 spot size. 
The first method used involved expanding the width of the laser beam and then 
focusing it down to a small spot size. Here three lenses are used: a planoconcave lens and 
two planoconvex lenses. The planoconcave lens expands the beam width and one of the 
planoconvex lenses then collects and collimates the light. The second planoconvex lens is 
used to focus the expanded beam to a small spot size. If one has a laser beam of radius yi 
and a divergence of 0i is expanded by a negative lens with a focal length of negative fi as 




Figure 12: Expanding laser beam 
The radius of the virtual image formed by the lens is y2 where 
y2 =0i |-fi| 
This image is at the focal point of the lens. Adding a second lens with a positive focal 
length f2 and separating the two lenses by the sum of the two focal lengths, - fi + f2, gives 
a beam with radius y3, which is defined as 
y3 = 021 - fri¬ 
and has a divergence angle of 
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The expanded beam diameter is 
2y3 = 202f2 = 2yi ■ /2 
Ml 
The divergence angle of the expanded beam is 
03= —=01 I ^ 
A A 
It can be concluded from the previous equation that the original and final divergence 
angles differ by a factor of’ , which is the ratio of the two focal lengths [15], 
A 
To focus the expanded beam an additional lens can be added 
The second method applied was the use of a 100X microscope objective. An 
equation relating the minimum spot size to the wavelength X, and the focal number, 17#, is 
4A 
spot size = —v#. 
n 
For small angle (j) 
m = t- ~ 1 
D 2 NA 
where D is the diameter and NA is the numerical aperture. 
Thus 
spot size = 
2X 
nNA 
For this project, X = 532 nm and NA = 0.7 and 
2(532«/w) 




At Lawrence Livermore National Laboratory (LLNL), through a collaborative 
effort with Chris Hollars and Thomas Huser, and Rochelle Bryant at Spelman College, 
FSQW imaging and photoluminescence spectra collection of the GaAs quantum wells at 
room temperature was accomplished. Figures 13-16 show the photoluminescence spectra 
obtained from a GaAs well. Figure 13 shows three spectra. The red, green and blue colors 
represent a bare well, an isopropyl alcohol exposed well and a At7862D exposed well 
respectively. The quantum wells are exposed to these chemicals by dropping a small 
amount of the liquid onto the sample. The largest peaks of all three spectra coincide 
around the 870 nm wavelength. This feature is the bandgap luminescence. 
A comparison of spectra from bare GaAs and isopropyl exposed GaAs FSQW is 
presented in Figure 14. As in Figure 13, the two largest peaks coincide at virtually the 
same wavelength. The difference in the number of emitted electrons between the bare and 
isopropyl exposed FSQWs is measured and compared by finding the areas underneath the 
870 nm peaks. The area underneath the 870 nm peak of the Isopropyl exposed quantum 
well is 1.02 x 105 while the area underneath the corresponding peak of the bare FSQW is 
1.78 x 106. The data shows that approximately 17 times as many excitons in the bare well 
as there are in the isopropyl exposed well. 
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Figure 15 shows spectra from a bare FSQW and an At7862D exposed quantum 
well. As in Figure 13, again the two largest peaks coincide at the same wavelength of 870 
nm. The area under the 870 nm peak of the At7862D exposed FSQW is 2.03 x 106 and 
that of the bare FSQW was mentioned above. The data shows a ratio of 2.08 between the 
two FSQW. The At7862D exposed FSQW spectra show a peak at a wavelength of 






























In summary, we have constructed a room temperature photoluminescence setup to 
study the interactions between excitons and surface states. The setup is designed to image 
and probe simultaneously. Through collaborative efforts with LLNL, photoluminescence 
spectra on GaAs quantum wells were collected. The study was conducted on bare 
quantum wells, isopropyl exposed quantum wells, and At7862D exposed quantum wells. 
The quantum well photoluminescence spectra was collected as a function of laser 
intensity. Band gap luminescence phenomenon was observed and characterized in all of 
the wells. Also a significant yet unidentified peak was observed from the data collected 
on At7862D exposed GaAs. Future work will involve the characterization of this 
unidentified peak. Further work also include the study the exciton and surface state 
interactions at low temperature. 
It was concluded that there was a significant difference in the spectral features of 
the bare quantum wells exposed to isopropyl and At7862D. The isopropyl exposed well 
indicates a huge change in the intensity while the At7862D exposed well shows a change 
in intensity as well as a peak shift. The intensity difference is caused by the change in 
surface state density. The isopropyl and At7862D reduce the number of surface states in 
the quantum well. The peak shift indicates the occurrence of chemical reactions during 
the process. This suggests that the system and methodology are well suited to adsorbate 
specific sensor applications. 
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